Diego Joint Doctoral Program in Clinical Psychology, San Diego, Calif. , USA was associated with elevated CRP levels (p = 0.040) and caregivers showed greater tumor necrosis factor (TNF)-␣ levels than controls (p = 0.048). Additionally, 3 months after the death of the AD spouse, caregivers showed a significant drop in CRP levels (p = 0.003) and levels of soluble intercellular adhesion molecule (sICAM)-1 (p = 0.008). Conclusion: Duration of caregiving and being a caregiver per se were both associated with chronic low-grade inflammation as indicated by elevated CRP and TNF-␣ levels, respectively. Conversely, death of the AD spouse was associated with lower CRP and sICAM-1 levels. The findings indicate that chronic caregiving of those with dementia may result in increased inflammation and, thereby, possibly increased CVD risk.
system [ 1-4 ; for review]. Relative to their noncaregiving counterparts, AD caregivers have a higher risk of developing incident coronary heart disease (CHD) [5] .
Stressors and distress associated with caregiving have been linked to key mechanisms of the initiation, propagation, and clinical manifestation of atherothrombotic diseases. For instance, duration of AD caregiving was associated with endothelial dysfunction [6] and carotid intima-media thickness [7] . Dementia severity of the care recipient was also related to impaired endothelial function and enhanced coagulation activity in the caregiver [6, 8] . High negative affects (including depression), low positive affects, sleeping difficulties, and low subjective health are commonly found in caregivers [2, 3, 9, 10] , and these factors may also increase the risk of cardiovascular disease (CVD) [11] . In dementia caregivers, depressive symptoms shortened the time to incident CVD [12] , and relative to noncaregiving controls, AD caregivers showed associations between poor sleep and inflammation [i.e. IL-6 and C-reactive protein (CRP)] [13] , and between role overload and reduced fibrinolytic capacity over time [14] .
In terms of sociodemographic factors, male AD caregivers showed a higher risk of developing CHD than female caregivers [15] . Atherosclerotic burden seems particularly high in older AD caregivers, as there is an agerelated increase in coagulation (i.e. fibrin D-dimer levels) [16] and inflammatory markers (i.e. IL-6) [17] . Low socioeconomic status, defined as low education level, was associated with greater dementia caregiver burden than higher education [18] .
In addition, major transitions in the caregiving situation, such as placement of the AD spouse in a long-term care facility or death of the AD spouse, showed associations with a drop in caregivers' D-dimer levels starting half a year after the transition; this effect was accompanied by a decrease in depressive symptoms and role overload [19] . Biological changes due to increased sympathoadrenal medullary (SAM) arousal might partially link caregiving stress with the atherosclerotic mechanisms delineated above [20, 21] .
Although traditional risk factors are increased in AD caregivers [22, 23] and mediate some of the CHD risk in this group [15] , many patients at-risk for CHD cannot be identified solely on the basis of traditional CVD risk factors alone [24] . This has prompted an intense search for circulating biomarkers to improve CVD risk prediction [25] . In this regard, the acute phase reactant CRP is probably the most established biomarker of increased CVD risk [26, 27] , which may directly affect expression of cellular adhesion molecules, impact fibrinolysis, and impair endothelial function [25] . Moreover, it has been demonstrated that high-sensitivity CRP (but no other cardiovascular biomarkers) adds prognostic information on future CVD risk above and beyond the Framingham CHD risk score [28] , particularly in individuals aged 65 years and older [29] .
In addition to CRP, slightly elevated levels of several markers of inflammation [e.g. tumor necrosis factor (TNF)-␣ , interferon-␥ , IL-6, IL-8, IL-10, IL-12], endothelial dysfunction [e.g. endothelin-1, von Willebrand factor (VWF)], upregulated cellular adhesion [e.g. soluble intercellular adhesion molecule (sICAM)-1, soluble vascular cellular adhesion molecule (sVCAM)-1], and hemostasis (e.g. fibrin D-dimer, plasminogen activator inhibitor-1) have also been shown to be involved in atherosclerosis and to predict the risk of incident CHD and poor prognosis in patients with established CHD [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . Notably, the predictive value of biomarkers for CVD risk is largely independent of sociodemographic, lifestyle, and traditional CVD risk factors.
Given this information, the primary aim of this study was to investigate the longitudinal relationship between measures of AD caregiving and the most established biomarker of increased CVD risk, high-sensitive CRP. Our specific hypothesis was that CRP would be higher in spousal AD caregivers compared to noncaregiving controls, and show a direct association with the duration of caregiving and a drop following a major transition in the caregiving situation. Secondary analyses were performed with several additional cardiovascular biomarkers as outcomes to explore whether these would add important information above and beyond that obtained from the CRP analysis. In the analysis, and because these covariates may variously affect the concentrations of biomarkers including CRP [28, 42] , we controlled a priori for sociodemographic factors (i.e. age, gender, education), traditional cardiovascular risk factors, medication, and diseases, as well as physical symptomatology, lifestyle factors (i.e. alcohol consumption, physical activity), role overload, affect, and subjective sleep quality. Some of these covariates were also found to partially account for the relationship between caregiving stress and biomarker levels, such as age [15, 16] and sleep [13] . Therefore, in case of a significant association between biomarkers and caregiver status, duration of caregiving, or transitions in the caregiving situation, we explored whether covariates, which differentiated caregivers from controls at study entry, would moderate or mediate these relationships.
Materials and Methods

Study Participants and Design
We recruited community-dwelling spousal AD caregivers and noncaregiving married controls into the University of California, San Diego (UCSD) 'Alzheimer's Caregiver Study' which is investigating health consequences of dementia caregiving stress. Participants were referred from the UCSD Alzheimer's Disease Research Center, agencies serving caregivers, local senior citizen health fairs, community support groups, and other participants. Caregivers and controls were matched in terms of age ( 6 55 years) and gender. Exclusion criteria were current major illnesses (e.g. cancer), severe hypertension (blood pressure exceeding 200/120 mm Hg), and medications affecting biomarker levels, including oral anticoagulants, nonselective ␤ -blockers, and steroids. As the prevalence of daily aspirin use is about 30% in community-dwelling US adults aged 65 years or older [43] , aspirin intake was not an exclusion criterion, but treated as a control variable.
Participants underwent in-home assessments every 12 months for a period of up to 3 years (i.e. for a maximum of 4 visits). Every 3 months, research staff also made follow-up phone calls to check for changes in health status and in caregiver transitions (i.e. placement of the AD spouse in a long-term care facility or death of the AD spouse), and participants were additionally asked to call research staff when these transitions occurred. Post-transition assessments were set up at 3, 15, and 27 months after the transition. For all assessments, a research nurse gathered sociodemographic, medical, and psychosocial data using questionnaires. Participants kept their daily routine and were thus not required to fast for the collection of blood for the biomarker assessment. Blood was collected between 10: 00 and 10: 45 a.m.
Out of the total enrolment of 186 study participants, 5 noncaregivers whose spouse had died during the study period and 12 participants with some missing baseline data were excluded from the present study. This yielded a final sample of 169 subjects (118 caregivers, 51 controls). All participants provided written informed consent to the study protocol that was approved by the UCSD Institutional Review Board.
Demographic and Health Assessment Sociodemographic Factors. We collected information on age, gender, ethnicity, years of education (reflecting socioeconomic status), years of caregiving, and hours of care per day.
Medical Data. Participants were asked whether a doctor had informed them that they currently have or have ever had any CVD (comprising myocardial infarction, congestive heart failure, angina, additional heart diseases, and stroke/transient ischemic attack) or diabetes. They were also provided a list of 21 health symptoms (e.g. sore throat, skin rash, toothache) to indicate how many of these they had experienced in the last month. For the assessment of subjective health, all participants were asked to rate their health in general, using a 5-point Likert scale ranging from 0 ('excellent') to 4 ('poor'). BMI was calculated based on subjects' self report of weight and height. Plasma low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels were determined by standard methodology at the clinical chemistry laboratories of the UCSD Medical Center. The LDL-C/ HDL-C ratio was computed and used for statistical analysis. After a 15-min resting period, the research nurse collected three systolic and diastolic blood pressure measurements using a noninvasive Microlife Blood Pressure monitor. The average mean arterial pressure (MAP) was computed to be used in statistical analysis. Prescribed cholesterol-and blood pressure-lowering medications, aspirin, and antidepressants were also noted.
Lifestyle Factors. Smoking status was defined as ever smoker (i.e. former or current smoking) versus never smoker (only 3 participants smoked at baseline). The Rapid Assessment of Physical Activity scale was used to assess the amount of physical activity at light, moderate, and vigorous intensities in a typical week (score: 0-6) [44] . Alcohol consumption in the last month was assessed by multiplying the number of days participants drank alcohol by the number of alcoholic drinks they usually drank on those days (score: 0-36).
Sleep. We assessed subjective sleep quality with the interviewer-administered Pittsburg Sleep Quality Index comprising 19 items yielding a global score between 0 and 21 [45] . Higher scores indicate poorer sleep quality.
Affect. We used the Positive and Negative Affect Scale to assess the level of negative and positive mood in the last few weeks [46] . Participants rated 10 mood items for negative affect (e.g. irritable, nervous, hostile) and positive affect (e.g. excited, proud, active), each on a 5-point scale (1 = very slightly or not at all, 5 = extremely; score 10-50 for either scale).
Role Overload. We used Pearlin's Role Overload scale [47] to assess the extent to which caregivers and controls felt overwhelmed by life's responsibilities. The scale consists of 4 items rated from 1 (not at all) to 4 (completely; total score between 4 and 16), e.g. 'you work hard (as a caregiver) but never seem to make any progress'. The sections in parentheses specific to caregivers were excluded in the questionnaires given to controls.
Dementia Severity. Caregivers were interviewed using the Clinical Dementia Rating scale [48] ; they indicated dementia symptoms of their spouses in 6 domains: (1) memory, (2) orientation, (3) judgment and problem solving, (4) community affairs, (5) home and hobbies, and (6) personal care. Based on item responses, an overall dementia severity score is given (0 = no dementia, 1 = mild dementia, 2 = moderate dementia, and 3 = severe dementia).
Biomarkers
Circulating concentrations of biomarkers were determined in duplicates from EDTA plasma samples stored at -80 ° C. Concentrations of biomarkers were determined in duplicates using commercially available enzyme-linked immunosorbent assays per the manufacturers' instructions (Meso Scale Discovery, Gaithersburg, Md., USA: CRP, TNF-␣ , IL-6, IL-8, IL-10, IL-12p70, interferon-␥ , sICAM-1, sVCAM-1; Quantikine, R&D Systems, Minneapolis, Minn., USA: endothelin-1; Asserachrom Stago, Asnières, France: VWF antigen, plasminogen activator inhibitor-1, D-dimer). Intra-and interassay coefficients of variation were ! 10% for all biomarkers.
Data Analysis
Data were analyzed using PASW 18.0 statistical software package (SPSS Inc., Chicago, Ill., USA). Two-tailed level of significance was set at p ! 0.05. To approximate a normal distribution, all biomarker values were log 10 -transformed and values 3 SDs above the mean log 10 transformed value were deleted as outliers (1 outlier for interferon-␥ and sVCAM-1, 2 outliers for CRP and TNF-␣ , 3 outliers for endothelin-1, 4 outliers for IL-12p70 and IL-8, 6 outliers for IL-10, 7 outliers for IL-6). One VWF value ! 15% was deleted because of suspected VWF disease. Independent-samples t test and 2 test were used to compare caregivers and noncaregivers on baseline characteristics. Pearson's correlation coefficient was computed to estimate the zero-order association between two variables.
We conducted a mixed (random effects) regression analysis to examine the impact of caregiver status (i.e. caregivers vs. noncaregiving controls), years of caregiving, and caregiver transitions (i.e. placement and death of the AD spouse) on circulating levels of biomarkers over time. We made adjustments for sociodemographic, medical, lifestyle, and psychosocial factors, all of which might have affected the concentrations of the various biomarkers. Mixed-model regression is a powerful analysis that allows one to estimate an intercept and slope for each participant based on all available data for that individual (i.e. even when some data points are missing), augmented by the data from the entire sample [49] . Our primary outcome was the change in CRP levels over time. Secondary analyses were performed with all other biomarkers as outcomes. Effect sizes are expressed as pseudo-R 2 which indicates the amount of variance of the outcome that is explained by a model's specific combination of independent variables [49] .
To increase the interpretability of regression coefficients and to diminish problems associated with multicollinearity, we centered independent variables before conducting analysis [50] , except for 'time' (i.e. the number of assessments) which was linear in nature with the baseline assessment coded as '0'. Controlling for 'time' may be important because with an increasing number of assessments, anticipatory arousal elicited by the unfamiliarity with the testing protocol and its probable effects on biomarker levels may decrease. Linear variables were centered around their grand means. Dummy-coded categorical variables were centered at -0.5 (e.g. noncaregivers) and +0.5 (e.g. caregivers). Because the dependent variables were log-transformed values, several regression coefficients would be very small if using the original scaling of independent variables. Therefore, to provide estimates that can be interpreted, we express estimates for variables marked below with an ' * ' per change in 3 units (i.e. we divided the values of these variables by 3 before being entered into the multivariate model).
The model included the following fixed effects: age * , gender, education * , CVD (yes/no), diabetes (yes/no), number of health symptoms * , subjective health, BMI * , LDL-C/HDL-C ratio, MAP * , cholesterol-lowering medication (yes/no), blood pressure-lowering medication (yes/no), aspirin (yes/no), antidepressant medication (yes/no), smoking status, physical activity, alcohol consumption * , sleep quality * , negative affect * , positive affect * , role overload, caregiving status, years caregiving, placement status of the AD spouse (yes/no), and deceased status of the AD spouse (yes/ no). Of these, age, CVD, diabetes, the number of health symptoms, subjective health, BMI, LDL-C/HDL-C ratio, MAP, medication categories, smoking status, physical activity, alcohol consumption, sleep quality, negative affect, positive affect, role overload, years caregiving, and caregiving transitions were all entered as time-varying. Random intercepts were modeled for participants. A significant effect of placement or death of the AD spouse would mean a change in the intercept of a biomarker (e.g. CRP levels) as a function of the transition (i.e. from pre-to post-transition). In case of a significant main effect for caregiver status, years caregiving, and caregiving transitions, we probed for interactions of these variables with covariates which significantly differentiated caregivers from controls at baseline. For significant interactions, we applied the Holmbeck method [51] to test whether high levels (+1 SD from the mean) versus low levels (-1 SD from the mean) of a continuously scaled moderator variable would alter the association of caregiver status, years caregiving, and caregiving transitions with biomarker concentrations.
The 169 subjects contributed a total of 483 assessments (mean of 2.9 assessments per participant). Data for all of the fixed-effect variables were complete in 100% of assessments per the study design. Time-variant variables were complete in 100% of the assessments for medication categories, physical activity, and transitions in the caregiving situation; in 98.3% for years caregiving; in 98.1% for sleep quality; in 97.9% for CVD, health symptoms, subjective health, BMI, smoking status, alcohol consumption, and role overload; in 97.7% for diabetes and positive and negative affects; in 93.8% for LDL-C/HDL-C ratio, and in 93.0% for MAP. After deleting outliers, biomarker values were available in 87.4% (CRP) to 94.6% (TNF-␣ ) of all assessments.
Results
Characteristics of Study Participants at Baseline
The mean age 8 SD of all the participants was 75 8 8 years (range: 55-90), 68% were women, and 92% were Caucasians. Caregivers had been providing care to their AD spouse for an average of 4.4 8 3.4 years (range: 0.5-17.1). Caregivers spent 7.4 8 5.8 h per day (range: 1-24) caring for their spouse. The mean Clinical Dementia Rating total score of the care recipients was 1.64 8 0.59 (range: 1-3), indicating mild-to-moderate dementia (only 7 AD spouses had severe dementia). Table 1 shows the baseline characteristics of caregivers and controls. Compared to controls, caregivers had expectedly more physical symptomatology, worse subjective health and sleep, more negative affect and role overload, and less positive affect. Except for lower physical activity in caregivers, there were no significant group differences in other cardiovascular risk factors, as well as in medications and sociodemographic variables. Table 2 gives circulating levels of biomarkers at the baseline assessment as well as intercorrelations among the individual biomarkers. Elevated CRP levels were associated with greater levels of measures of endothelial dysfunction (i.e. endothelin-1, VWF antigen, sICAM-1, and sVCAM-1), as well as impaired fibrinolysis (i.e. plasminogen activator inhibitor-1), and IL-6 (i.e. a potent stimulant of liver CRP production).
Transitions in the Caregiving Situation
Over the course of the study, 30 caregivers (25.4%) placed their spouse in a long-term care facility and 20 (16.9%) experienced the death of their spouse. The initial post-transition assessments occurred at 3 months following placement or death of the AD spouse. The remaining assessments took place approximately 12 months (12 placements, 10 deaths) or 24 months (3 placements, 1 death) later.
Changes in CRP Levels
Significant zero-order associations between several key potential confounding variables and CRP levels emerged over time. Higher CRP levels were associated with lower education (r = -0.10, p = 0.037), more health symptoms (r = 0.10, p = 0.045), poorer subjective health (r = -0.22, p ! 0.001), less physical activity (r = -0.12, p = 0.014), and greater negative affect (r = 0.15, p = 0.003). No significant associations were seen between CRP and age, gender, alcohol consumption, sleep quality, positive affect, and role overload. Table 3 shows the multivariate model for CRP levels. More years of caregiving (but not caregiver status per se) were associated with higher CRP levels over time (p = 0.040; explained variance = 1.21%). In addition, CRP levels had significantly dropped at 3 months after the death of the AD spouse (p = 0.003, explained variance = 2.15%). Figure 1 b illustrates that caregivers whose spouse had died had 60% lower mean CRP levels than those who continued to provide care for their spouse [0.53 mg/l (95% CI: 0.26-1.08) vs. 1.33 mg/l (95% CI: 0.92-1.93)].
The association between longer duration of caregiving and CRP increase over time (0.019 8 0.008, p = 0.014), as well as the drop in CRP levels after spousal death (-0.242 8 0.109, p = 0.028), were also significant without making adjustments for covariates. The significance of both these associations further persisted when baseline characteristics that differentiated between caregivers and controls (i.e. number of health symptoms, subjective health, physical activity, sleep quality, negative affect, positive affect, and role overload) were added separately to the model, thereby suggesting that there were no mediational effects (data not shown). In the fully adjusted model, baseline characteristics differentiating caregivers from controls also did not turn out to be effect moderators, as they did not significantly interact with years of caregiving and spousal death in determining CRP levels (data not show).
Changes in Levels of Other Biomarkers
As can be seen in tables 3 and 4 , years of caregiving were not significantly associated with levels of any additional biomarker. However, caregivers showed greater TNF-␣ levels over time than noncaregiving controls (p = 0.048, explained variance = 0.94%); this association was also significant without covariate adjustment (0.054 8 0.021, p = 0.010). Figure 1 c shows that caregivers had 15.7% greater mean TNF-␣ levels over time than noncaregiving controls. This effect was not significantly mediated or moderated by baseline characteristics that differentiated between caregivers and controls (data not shown).
In terms of caregiving transitions, placement of the AD spouse in a long-term care facility was not signifi- cantly associated with changes in levels of any biomarker. However, sICAM-1 levels had significantly dropped at 3 months after the death of the AD spouse (p = 0.008; explained variance = 1.77%). Figure 1 d illustrates that caregivers whose spouse had died had 29% lower mean sICAM-1 levels than those who continued to provide care for their spouse [230 ng/ml (95% CI: 170-310) vs. 324 ng/ ml (95% CI: 278-378)]. The effect of spousal death on sICAM-1 levels remained significant without controlling for covariates (-0.107 8 0.044, p = 0.015), and it was not mediated by baseline characteristics that differentiated between caregivers and controls (data not shown). Further exploratory analyses on sICAM-1 yielded significant interactions between death of the AD spouse and both physical activity (0.075 8 0.033, p = 0.026; explained variance = 1.25%) and the number of health symptoms (0.134 8 0.065, p = 0.039; explained variance = 1.05%). Post hoc probing of these moderating effects showed associations between spousal death and lowered sICAM-1 in caregivers with low physical activity levels (-0.300 8 0.087, p ! 0.001), but not in those with high physical activity levels (p = 0.41), as well as in caregivers with a low number of health symptoms (-0.257 8 0.076, p ! 0.001), but not in those with a high number of health symptoms (p = 0.17).
Discussion
We found the longer caregivers had been providing care to their AD spouse, the more their CRP levels increased over time. However, being a caregiver per se was D ata are given as log-transformed slopes (s.e.); * p < 0.05; ** p < 0.01; *** p < 0.001. All independent variables were centered to the mean such that the intercepts show the mean biomarker concentrations in the entire sample. Categorical variables were contrast coded as female gender (+0.5) vs. male gender (-0.5), CVD (+0.5) vs. no CVD (-0.5), diabetes (+0.5) vs. no diabetes (-0.5), medications (+0.5) vs. no medications (-0.5), ever smoker (+0.5) vs. never smoker (-0.5), and caregiver (+0.5) vs. noncaregiver (-0.5). 'Placed spouse' and 'spouse deceased' indicate the immediate change in the biomarker concentration assessed 3 months after the respective transition. 'Time' indicates the change in the biomarker concentration per each assessment the participant was in the study. not significantly associated with CRP levels, suggesting that it might be the accumulation of the many factors making up caregiver burden that contributed to increased CRP. AD caregiver burden is understood as the sum of physical, psychological, social, and financial problems that can be experienced by family members caring for a demented relative [52] . Impaired sleep and poor self-care due to restricted time to engage in regular physical activity also contribute to caregiver burden [53] . In agreement with this conceptualization of AD caregiver burden, our caregivers had poorer physical and mental health, and they also slept more poorly and were less physically active than their noncaregiving counterparts at enrolment into the study. Poorer self-rated health, less physical activity, and greater negative affect also showed zero-order correlations with greater CRP levels. Even when taking into account differences in burden-eliciting factors, years of caregiving were associated with CRP levels suggesting that elevated CRP concentration could be an important physical marker of AD caregiver burden itself. Nevertheless, it remains possible that social and financial problems we could not consider for in our analysis accounted for at least part of the increased CRP levels with more years of caregiving. Caregiving strain is associated with increased SAM arousal [20] , which could contribute to CRP levels with more years of exposure to caregiving strain, too. A recent study on family caregivers of patients with brain cancer found an increase in both daily output of salivary ␣ -amylase (i.e. a marker of sympathetic nervous system activity) and circulating CRP levels sampled over a period of 1 year [54] .
Caregiving for a disabled spouse was predictive of CHD [55] and all-cause mortality [56] and elevated CRP concentrations were associated with a greater risk of mor- tality from vascular and many nonvascular causes [42] . Moreover, even moderately elevated levels of CRP predicted incident frailty in individuals 65 years and older [57] . The relation of AD caregiving duration with CRP levels thus provides one possible pathway leading from chronic caregiving to poor cardiovascular health over time, but also to accelerated decline of physical health across a range of other biological systems. Years of caregiving explained a rather small amount of 1.2% of the variance in CRP levels over time. However, cutpoints of CRP for low risk ( ! 1.0 mg/l), average risk (1.0-3.0 mg/l), and high risk ( 1 3.0 mg/l) of CHD have been defined, whereby the high-risk category has a ; 2-fold increased relative risk compared to the low-risk group [28] . Mean CRP levels were in the low-risk range in controls and in caregivers with shorter duration of caregiving, but in the average-risk range in AD caregivers who had been providing care for 10 years or longer. This effect seems clinically meaningful as caregivers are expected to serve in this role for up to 15 years [2] . We found that death of the AD spouse was associated with a significant drop in caregivers' CRP levels at 3 months post-transition. The same effect could be observed for sICAM-1 levels. The latter may seem an expected finding given that experimental studies found recombinant human CRP induces expression of ICAM-1 in human endothelial cells within 24 h [58] . The soluble form of ICAM-1 reflects ICAM-1 expression on endothelial cells; ICAM-1 is involved in adherence and subsequent transmigration of circulating leukocytes across the vascular endothelium, thereby promoting inflammation of the coronary artery [59] . Underscoring the clinical value of sICAM-1 as a cardiovascular biomarker, elevated levels of sICAM-1 were prospectively associated with the risk of first-time myocardial infarction in apparently healthy men [60] . Reduction in sICAM-1 was particularly seen in caregivers with fewer health symptoms and in those with lower physical activity levels at 3 months after spousal death. Although speculative, lowered sICAM-1 might mirror a reduction in health symptoms, as sICAM-1 is increased in many pathological conditions [61] . Moreover, as sICAM-1 increases with exercise [62] , sICAM-1 might have been less detectable in the blood of poor exercisers. The decrease in CRP and sICAM-1 levels following the death of the AD spouse could reflect a lessening of cardiovascular burden with AD caregiving. This seems a clinically meaningful effect. For instance, on a population-based level, statin use is associated with a 12% lower CRP level than nonuse [63] , whereas caregivers whose spouse had died had a 60% lower mean CRP level compared to those who continued to provide care. Moreover, continued care was associated with CRP levels in the average risk range for CHD, whereas, after spousal death, caregivers' mean CRP levels fell into the low-risk range. Nevertheless, although these effects are intriguing, it should be noted that a large bereavement literature actually suggests that morbidity and mortality risk, including from cardiovascular causes, increases in the early months after partner loss [64] .
Placement of the AD spouse in a long-term care facility did not significantly affect CRP levels, likely because the biobehavioral responses to spousal death are different from those elicited by placement of an AD spouse. For instance, in caregivers who were strained prior to the death of their spouse, the death itself did not increase their level of distress, but instead reduced health risk behaviors [65] . In contrast, while some burdens are lessened when a spouse is placed, others persist, or may even increase [66] . For instance, caregivers may stay involved in physical care during their visits and worry about the adequacy of treatment for the loved one and financial costs.
Relative to controls, caregivers showed higher levels of the proinflammatory cytokine TNF-␣ over time. This finding adds to the notion of an inflammatory state in AD caregivers [4] . However, except for TNF-␣ , we did not find a significant association between caregiver status and circulating levels of any other biomarker, including CRP. Several explanations may apply to this observation. We controlled for possible confounders of biomarker levels, including medication use, lifestyle, and sleep quality, all of which showed associations with some biomarkers ( table 3 , 4 ). Assessment of biomarkers only 3 months after a major transition in the caregiving situation might have been too early to detect significant changes in some biomarkers. Most of the spouses suffered mild-to-moderate dementia. A greater proportion of spouses with severe dementia might have evoked greater caregiving stress with changes in biomarkers downstream. Healthier individuals are more likely to become caregivers and to remain in this role. Such a healthy caregiver effect might partially prevent biomarker changes in stressful situations. This notion is supported by the observation that covariates indicating compromised physical and mental health in caregivers did not turn out to moderate or mediate the caregiver-biomarker relationship.
The longitudinal design with an average of three assessments per participant, relatively few missing followup data, and adjustment for important confounding variables are all strengths of our study. However, the study also has its limitations. We are unable to make a statement about the trajectory in biomarker levels beyond the 3-month post-transition changes because we had too few data points available to reliably estimate post-transition slopes in biomarker concentrations. The ultimate health consequences of the changes in CRP levels in AD caregivers remain to be determined. Moreover, our findings might not generalize to populations of younger AD caregivers, those with a greater proportion of male caregivers, and AD caregivers with greater impairments in physical health.
Taken together, we found that longer duration of caregiving and caregiver status were associated with increased CRP and TNF-␣ levels, respectively, with both these associations suggesting a proinflammatory state. In contrast, death of the AD spouse was associated with a decrease in inflammation-related biomarkers, namely in CRP and sICAM-1. Chronic caregiving stress is associated with SAM arousal [20] , and CRP, TNF-␣ , and sICAM-1 are responsive to chronic stress [67] . Therefore, cessation of caregiving stress and of the accompanying SAM arousal after spousal death could have favorably affected caregivers' proinflammatory state. CRP might be a biomarker that well integrates several cardiovascular processes that are responsive to changes in caregiving burden. This would make CRP a promising candidate for the longitudinal investigation of atherothrombotic consequences of chronic AD caregiving.
